Introduction
In the current clinical practice, most of the platelet-containing preparations are used for systemic transfusion to patients with thrombocytopenia due to various medical reasons. However, there is steep growth of clinical interest in regenerative medicine with respect to the topical application of biomaterials containing platelets such as platelet gel or platelet-rich plasma (PRP). These platelet preparations have been used for accelerating wound healing and bone regeneration as they contain a host of powerful mitogenic and chemotactic growth factors [1, 2] . Because of these growth factors stored in the α-granules of the platelet, platelets are a promising tool as topical biomaterial for wound healing. The most prominent growth factors in this respect are: platelet-derived growth factor (PDGF), transforming growth factor (TGF) and insulin-like growth factors I (IGF-1) [1, 3, 4] . These molecules stimulate various cells such as fibroblasts, smooth muscles and osteoblasts, are chemo-attractants for cells involved in wound repair, and also are effective against infectious agents [5, 6] .
There is uncertainty regarding clinical efficacy of PRP because of the limited knowledge on the effect of contaminating cells and the poor characterization of these components with respect to growth factor concentrations. PRP preparation lacks standardization, and the method used for preparation might have a potentially significant impact on the levels of platelet recovery and activation. Platelet activation during preparation of the platelet concentrate can result in early granule release and loss of growth factors during the collection process. The protocols for biological processing of growth factors also differ widely [7, 8] . It is therefore critical to recognize that each PRP preparation method may differ in regard to platelet number, platelet activation rates, and growth factor profiles [9] .
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Summary Background: In the present study, different methods for preparation of platelet-rich plasma (PRP) are investigated in order to standardize the component in terms of growth factor content. The effects of concentration technique and storage duration are also analyzed. Methods: PRP was collected from 40 donors by plateletpheresis as well as by the buffy coat and tube method. Concentration of growth factors was performed using double freeze thawand CaCl 2 -induced degranulation techniques. Growth factor estimation was performed using ELISA. Results: The levels of growth factors were highest in PRP from buffy coat, moderately lower in plasma gained by plateletpheresis and lowest in that obtained by the tube method. Mean levels of platelet-derived growth factors (PDGF) AB and BB are significantly higher when CaCl 2 was used for concentrating the growth factors. The mean levels of transforming growth factor 1 and insulin-like growth factor I were higher when applying the double freeze thaw technique. There was a substantial decline in the levels of growth factors during storage. Conclusion: The buffy coat method is suitable as preparation method for PRP in most settings. The double freeze thaw technique is better suited as concentration technique as it causes lysis of both platelets and white blood cells for releasing growth factors and is easier to perform. Growth factors are not stable in plasma, thus PRP should be frozen immediately after preparation.
In blood banks, PRP components are prepared by various methods including whole blood donation, apheresis as well as the tube method. There is also heterogeneity in the protocols for preparing clinical-grade solutions for final application. Researchers have employed techniques such as single or repeated freeze thaw cycles, addition of CaCl 2 or a combination of CaCl 2 and thrombin to obtain platelet lysates containing varying amount of growth factors. Additionally, the cellular composition of PRP as well as the storage duration may be significant factors determining the final concentration of growth factors and thus, its biological responsiveness.
The objective of the present study was to provide data on growth factor concentrations in standardized platelet concentrates obtained from identical source material, prepared by different blood bank methods, concentrated by two different techniques, and stored for various times. The effect of platelet and WBC count on the levels of growth factors was also determined. In order to investigate the in vitro effect of various PRP preparations on cellular functions, a fibroblast proliferation assay was performed.
Material and Methods
The study was conducted in a tertiary care hospital and research center after taking approval from the ethical committee of the institute. 40 healthy donors passing the criteria for plateletpheresis were randomly included in the study after taking informed consent. EDTAanticoagulated blood samples were collected prior to plateletpheresis procedure, and cell counts were done using an automated cell counter (Sysmex KX-21, Cobe, Japan).
PRP Collection
PRP was collected by apheresis using the discontinuous cell separation method (MCS 3p, Haemonetics, Munich, Germany). The cell separator was programmed to collect 3 × 10 11 platelets in 250 ml plasma (PA). On the basis of entered donor data and the ratio of whole blood to acid citrate dextrose (ACD), the on-board processor calculated the whole blood flow rate and volume to be processed. From the final unit, approximately 10 ml of PRP was transferred in a satellite platelet storage bag attached with main collection bag using a sterile connecting device (Composeal; Fresenius, Bad Homburg, Germany) for sampling.
One unit of whole blood was collected from the same donor 48-72 h after plateletpheresis in a quadruple bag (Terumo Penpol, Thiruvananthapuram, India). PRP was prepared by the buffy coat method (PB). Additional 20 ml blood was collected simultaneously in a single blood collection bag containing CPDA (citrate/phosphate/dextrose/adenine) as an anticoagulant in 1: 7 ratio, followed by transfer of anticoagulated blood to polystyrene tubes and centrifugation at 1,000 rpm (447 × g) for 10 min. Red cells were discarded, and remaining plasma was again centrifuged at 3,000 rpm for 10 min. The supernatant was removed leaving 2 ml of plasma in which pellet was re-suspended. It was termed as PRP by tube method (PT).
Sampling
The platelet count was determined in all PRP samples by an automated cell counter, and residual WBC count was carried out microscopically by Nageotte's chamber. On the day of preparation, 2 ml sample was taken aseptically from each PRP and divided in two halves. One was subjected to double freeze thaw and another to CaCl 2 treatment. The sampling was done on days 3 and 5 from PA and PB. These were subjected to double freeze thaw.
Final Concentration Double freeze thaw:
The sample was frozen at -80 ° C. It was thawed at room temperature after 48 h and refrozen immediately thereafter. Just before analysis, it was again thawed and centrifuged for 10 min at 10,000 rpm in a microcentrifuge.
CaCl 2 treatment: Pharmaceutical grade CaCl 2 was added to 1 ml PRP at a final concentration of 0.04 mol/l. This was followed by incubation at 37 ° C for at least 1 h (or until complete clot retraction). The PRP was then centrifuged for 10 min at 10,000 rpm in a microcentrifuge; the supernatant was separated and stored at -80 ° C until analysis.
Quantitative Analysis of Growth Factors
Commercial ELISA kits (R&D Systems, Minneapolis, MN, USA) were used to quantify the concentrations of PDGF-AB, PDGF-BB, TGF-β1, and IGF-I in these specimens. ELISAs were performed according to the manufacturer's instructions as described below.
Fibroblast Proliferation Assay
A normal adult human skin sample was obtained. The skin was cut into small pieces, which were incubated overnight at 37 ° C in a collagenase type II solution 4 mg/ml for 4 h at 37 ° C. Fibroblasts were grown from explants in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 2 mmol/l glutamine, penicillin (100 U/ml) and streptomycin (100 μg/ml) and plated in a 60-mm culture dish at 37 ° C in a humidified CO 2 incubator. Fibroblasts were then seeded in 96-well plates in 0.5 ml of the DMEM medium with 2% FBS. When cells reached 30% of confluent growth, the medium was washed off and cells were incubated for 24 h in DMEM without serum. The medium was refreshed before adding PRP. Eight different growth conditions were tested with PRP in the DMEM medium: PA double freeze thaw, PA CaCl 2 , PB double freeze thaw, PB CaCl 2 , PT double freeze thaw, PT CaCl 2 , DMEM medium (negative control) and 2% FBS (positive control). After 5 days of incubation, the proliferation of fibroblasts was measured with an MTT assay (Sigma-Aldrich Chemie, GmbH, Taufkirchen, Germany), a colorimetric assay that measures the chemical reduction of MTT (3-(4.5-dimethylthiazol-2-yl)-2.5-diphenyltetrazolium bromide) into formazan, which is directly proportional to the number of viable cells in the tested culture. Cultures were incubated for 2-3 h in a culture medium with 0.5 mg/ml of MTT. The resulting formazan was then eluted with acidified isopropanol (0.04 N HCl in isopropanol), and the optical density was measured at 570 nm.
Statistical Analysis
Results are presented as mean ± standard deviation (SD). Two-way analysis of variance was used to determine significant differences between means. Tukey's post hoc test was performed for all pair-wise comparisons and significance was set at p < 0.05. Student's t-test was applied to compare means of growth factor levels by two concentration techniques. Effects of cellular concentration on levels of growth factors were examined by multiple regression analysis using the least-squares method.
Results
The study population comprised of 32 males and 8 females, all within an age range of 20-52 years. Mean platelet count of the donors' blood was 231.80 ± 54.39 × 10 6 /ml.
Preparation Methods of PRP
In PA, the mean platelet and WBC concentration was 1.19 × 10 9 /ml (range 0.98-1.63 × 10 9 /ml), and 1.40 × 10 6 / ml (range 0.2-3.0 × 10 6 /ml), respectively. In PB, the mean platelet and WBC concentration was 1.06 × 10 9 / ml (range 0.82-1.31 × 10 9 /ml) and 2.04 × 10 6 / ml (range 0.6-3.2 × 10 6 /ml), respectivley. In PT, the mean platelet and WBC concentration was 0.80 × 10 9 / ml (range 0.62-1.10 × 10 The mean levels of growth factors in PRP prepared by different methods are shown in table 1. Growth factor levels in PRP were analyzed after freezing and thawing twice, thus reflecting the total intracellular and extracellular growth factor content. The levels were highest in PB, lower in PA and lowest in PT. Figure 1 shows the comparison of the levels of growth factors obtained by double freeze thaw-or CaCl 2 -induced degranulation technique in PRP obtained by all three preparation methods. It is evident that in most cases, mean levels of PDGF-AB and PDGF-BB were significantly higher with CaCl 2 technique. On the other hand, the mean levels of TGF-β1 and IGF-1 were not significantly different when comparing both methods of preparation although there was a trend (nonsignificant) to higher levels with double freeze thaw technique.
Final Concentration Technique and Growth Factor Levels
Storage and Growth Factor Levels
We have assessed the influence of storage on the growth factor content of plateletpheresis-and buffy coat-derived PRP stored at 22 ° C for 3 or 5 days. The results of our measurements are presented in table 2. On 3-day storage period, the mean levels of growth factors declined compared to their levels on the day of preparation. At the end of storage i.e. day 5, the total growth factor levels had decreased substantially.
Regression Analysis to Determine the Variation of Growth Factor Levels in Relation to the Cellular Content of PRP
For the whole series of measurements, this analysis revealed a correlation between the platelet concentration on the one hand and the PDGF-AB and PDGF-BB levels on the other (p < 0.05) for PA and PB (table 3) . We found no statistically significant correlation between other growth factor (TGF-β1 and IGF-1) levels and platelet concentration. In case of PT, there were no statistically significant correlations between growth factor levels and platelet concentration. However, the proportion of variance that was attributable to the WBC concentration was 47.8% (r 2 = 0.478) for PDGF-AB and 38.7% (r 2 = 0.387) for PDGF-BB, which was statistically significant (p < 0.05). Fibroblast Proliferation Assay PRP prepared by all three methods and concentrated by different techniques has demonstrated to induce fibroblast proliferation in vitro. However, there was no significant difference in the optical density of the medium containing various PRP preparations ( fig. 2) .
Discussion
PRP has newly emerged as topical surgical adjunct. Platelet components have recently been used as part of tissue engineering strategies in various surgical interventions. The specific cell regen-* * * * Fig. 1 . Effect of final concentration technique on the quantity of growth factors. In double freeze thaw technique, sample was frozen and thawed twice, whereas in CaCl 2 treatment pharmaceutical grade CaCl 2 was added to PRP followed by incubation at 37 ° C for 1 h. *p < 0.05 (Student's t-test) versus double freeze thaw technique.
Sonker /Dubey Transfus Med Hemother 2015;42:174-180 178 erative properties which influence the immediate tissue environment are conferred by growth factors contained in platelet granules. These platelet preparations have been applied in diverse clinical fields. They have been used locally by ophthalmologists as an adjuvant to the ophthalmologic treatment of macular holes [10, 11] ; they have been used in cases of bone grafting showing to promote bone formation [12, 13] ; and they have proved effective in healing of chronic venous ulcers in cases of vascular surgery and dermatology [14, 15] . Platelet concentrates has also been found to enhance healing of various kinds of wounds [16, 17] . There are a number of variables which contribute to the reported inconsistencies in clinical and experimental outcomes making it difficult to standardize PRP as a therapeutic modality. These factors include preparation method [18] , activation status and methods [19, 20] , platelet concentration [21] , leukocyte concentration [22] , and patient-specific effects [23] . Each of these variables has the potential to influence the properties of the resultant PRP. In the present study, three preparation methods have been investigated to characterize standardized blood bank component and final growth factor concentration techniques and to identify that resulting in the highest growth factor yield. Growth factor content of PRP before, during and after storage has been analyzed to determine the optimal time of component preparation before application.
When comparing the preparation methods, there was no significant difference between PA and PB with respect to their platelet concentration. Platelet concentration was significantly lower in PT-derived PRP. On the other hand, WBC concentration of PTderived PRP was found to be remarkably higher. The growth factor levels of these preparations were assessed taking double freeze thaw as index concentration technique. The levels of all growth factors were significantly higher in PRP obtained by PB as compared to those gained by PA and PT. Zimmermann et al. [24] also reported highest levels of growth factors to be contained in buffy coat platelets. However, their platelet samples were highly concentrated by an additional centrifugation step and the resultant samples showed growth factor levels more than 10 times as high as those in original samples.
All three methods are capable of delivering therapeutic levels of growth factors in the clinical setting. PA and PB both have the advantage to be closed systems allowing for sterile preparations with nearly no risk of bacterial contamination. The PT technique as an open system has been suggested to be an alternative system for perioperative platelet preparation that force the maintenance of a maximal 6-hour interval between platelet preparation and use [24] . PB offers the best potential in terms of growth factor concentration, cost effectiveness as well as the simplicity of collection, even for autologous use in the patients.
One important factor which influences the final quantity of growth factors is the method employed to release them. Double freeze thaw of the PRP causes membrane disruption due to temperature shock, whereas CaCl 2 could mediate an increase in endogenous synthesis of PDGF isoforms in thrombocytes and subsequent degranulation by promoting the formation of native thrombin [25] . In the present study, the CaCl 2 -induced degranulation technique has yielded significantly higher amounts of PDGF-AB and PDGF-BB, whereas double freeze thaw has yielded higher amounts of IGF-1 and TGF-β in most samples ( fig. 1) . In a similar study, Durante et al. [26] concluded that even if additional scientific efforts are required for full characterization of physical approach to release growth factors, temperature shock could represent a simple and clinically compliant approach to control the relative availability of selected growth factors in the final solution. In a recent study it has been found that neither platelet activation during clot formation nor platelet disruption by freezing leads to a complete release of all growth factors from intracellular granules into the surrounding liquid. This could possibly be explained by platelet-derived microparticle formation containing growth factors upon activation or shear stress [27, 28] . However, growth factors that remain within microparticles may be undetectable in immunoassays. Zimmermann et al. [29] identified one technique that is more appropriate for the release of growth factors from platelets compared to others,that is to say lysis using the detergent Triton-X-100.
To evaluate the effect of storing the PRP in the blood bank before clinical application, we analyzed PA-and PB-derived PRP on days 3 and 5 after preparation applying the double freeze thaw technique for the growth factor release. We have observed a steep fall in growth factor levels by the end of storage. Sekido et al. [30] reported that PDGF activity of platelet concentrates in a bioassay was at the same level during preservation for up to 5 days. However, many previous studies reported that platelets lose a significant proportion of their PDGF during storage and thus became less efficient in their growth-promoting activity [31, 32, 33] . Zimmermann et al. [24] found a synchronous decrease in the total supernatant plus intracellular growth factor content and therefore concluded that growth factors are delivered from platelets during storage and are not stable in plasma at 22 ° C.
Regression analysis showed that platelet concentration was not the sole determinant for the levels of growth factors. The contaminating WBCs also contributed considerably to the variation of growth factor levels in PRP. It has well been proved that WBCs themselves contain and produce growth factors [34] . In PA-and PB-derived PRP, there was a high concentration of platelets and a low concentration of WBCs. Therefore, the variance in these com- ponents was mainly caused by platelet concentration. On the other hand in PT-derived PRP, there was lowest concentration of platelets and highest concentration of WBCs when comparing the three preparation methods. Hence, there was a significant relationship between the growth factor concentration and the WBC contamination which had caused nearly one third to one half of the variance in PDGF-AB and PDGF-BB concentration. The levels of TGF-β1 was only partially influenced by WBC concentration. The levels of IGF-1 did not show any significant variance in dependence of platelet or WBC count. There is also a high inter-individual variation in cellular production and storage of cytokines [35] . Moreover, platelet activation prior to application is also a determinant of the growth factor levels. We could not assess this effect due to resource constraints which remains a lacunae in our study. There are variations in the activation of platelets due to production method. If more platelets become activated by the preparation before a final centrifugation step, a significant amount of growth factors may be lost with a discarded supernatant [36] .
We have applied PRP prepared and concentrated by various methods in the culture media for fibroblast cells in order to assess its potential for inducing the proliferation. There was a marked enhancement in the proliferation of fibroblasts which has also been observed previously in other studies [37] [38] [39] . We could not discern any statistically significant difference in the proliferation-inducing potential of PRP prepared by different methods and concentrated by different techniques. In a study done by Valeri et al. [40] , no significant differences were observed in the fibroblast cell count between the releasate from untreated PRP and the releasates from PRP after the treatments. Proliferation of fibroblasts in tissue culture was found to be similar to the releasates from PRP treated with the different agonists. The authors suggested that the nonplatelet derived TGF-β1, but not PDGF-AA, PDGF-AB, and PDGF-BB, was the growth factor that stimulates the proliferation of fibroblasts in tissue culture whose levels have been found to be similar in PRP and platelet-poor plasma. In the present study, we also could not find any statistically significant difference in the levels of TGF-β1 in different PRP preparations which may explain the similarity in their potential to induce proliferation in fibroblast culture.
To summarize, clinical efficacy of PRP remains unpredictable, mainly due to poor characterization of the components. The study aimed to compare different preparation methods, concentration techniques, and storage durations in order to optimize the yield of growth factors. The buffy coat method may be suitable as preparation method for PRP in a resource-poor country like ours. Double freeze thaw is better suited as concentration technique as it causes lysis of both platelets and WBCs for releasing growth factors and as it can comparatively easily be performed. Growth factors are not stable in plasma at room temperature; thus PRP should be frozen immediately after preparation. Additional comprehensive studies need to be conducted for determining the the various factors causing variability in growth factor levels of various components.
